Summary
A tropinesterase was found in 61· 17% of 6686 New Zealand White rabbits of both sexes studied over 2·5 years. Significantly more males possessed the enzyme, there was a significant difference in atropinesterase frequencies in males versus females in the winter and summer seasons, and a significant decrease in the frequency of atropinesterase-positive females during the winter.
Numerous
tissue enzymes which metabolize and degrade drugs in domestic animals and man have been known and studied for decades. However, the presence of similar enzymes in the blood is a comparatively rare occurrence. Research into this area began with the astute observation by a Viennese physician named Schroff, who in 1852 noted that rabbits fed a diet consisting exclusively of leaves and roots of the deadly nightshade plant (Atropa belladonna) did not exhibit any abnormal symptoms but, on the contrary, remained healthy, bred normally, and gave birth to healthy offspring. Investigation into this phenomenon resulted in the discovery in the early part of this century of an enzyme, atropinesterase, in the serum and tissues of rabbits. Subsequent investigations into the activity and specificity of atropinesterase revealed that it is capable of hydrolysing atropine, benactyzine, and many other amino-alcohol esters of tropic, benzilic, diphenylacetic and related acids both in vivo and in vitro (Glick, 1940; Quinton, 1966) .
Atropinesterase was the first serum esterase to be discovered in the rabbit. Before long 2 more esterases-cocainesterase and tropacocainesteraseeach relatively specific for other substrates, were also discovered in rabbit serum. These 3 serum enzymes are known as the carboxylesterases.
Serum atropinesterase activity has also been measured in the dog (Otorii, 1965) , goat (Miller, Walker, Schmidt & Shirkey, 1966) , guineapig and rat (Szorady, Szemere, Magyarlaki & Hegedus, 1970) , although no evidence of either cocainesterase or tropacocainesterase activity has been found in these species. Transient serum atropinesterase activity has also been reported in an 8 year old human patient (sex unspecified) suffering from Down's Syndrome and maxillary sinusitis (Szorady et al., 1970) . Received / November /979. Accepted 18 March /980. Atropinesterase activity has also been noted in the iris, liver, intestinal mucosa, kidney, spleen, adrenal, cardiac muscle and lacrimal gland of the rabbit (Glick & Glaubach, 1941) as well as in the liver of the frog (Glick & Glaubach, 1941) and rat (Ammon & Werz, 1959) . Guineapig liver was shown to have marked activity only against homatropine, and not atropine (Glick & Glaubach, 1941) .
Not all rabbits possess atropinesterase (Ammon & Savelsberg, 1949; Schneider, 1948) , and it was suspected that its occurrence is genetically determined. In one study, 17 of 33 rabbits of an inbred strain, but only 9 of 35 random-bred rabbits, possessed serum which could decompose atropine (Ammon & Savelsberg, 1949) . These findings corroborated earlier breeding studies which showed that the ability to decompose atropine was transmitted in the form of a partially dominant gene (designated As) located on the same chromosome as the gene (E) for developing black pigment in the pelt (Sawin & Glick, 1943) .
Predating and subsequent to the discovery that atropinesterase was a genetically-controlled trait came several conflicting observations regarding its seasonal fluctuation.
Mention of a seasonality in atropine decomposition was made over 50 years ago (Sternberg, 1927) , when a maximum enzyme activity was noted in December. A second study conducted during the 1940s indicated that the incidence of atropinesterase in rabbits was dependent upon the season in which sampling was conducted as well as on the rabbits' breed, sex, age and weight (Sawin & Glick, 1943) . More recently the results of another study indicated a diphasic pattern of enzyme activity, with peaks in April and November and a minimum value in January (Werner, ]965). In contradiction to these findings, a number of other publications have stated emphatically that atropinesterase occurs in all breeds, ages and weights of rabbits independent of any sexual or seasonal influence (Ambache, 1955; Jager. ] 956: Quinton, 1966) . This paper reports the results of a survey of the atropinesterase status of almost 6700 rabbits of both sexes, conducted over a 2· 5 year period.
Materials and methods
A total of 6686 New Zealand White rabbits (5302 males, 1384 females) from a single source (Pel-Freez Bio-Animals Inc., Rogers, Arkansas 72756, USA) were used. The rabbits, about 3 months old, weighed 2·0-3·0 kg as indicated by random test weighings. They were housed individually in stainless steel wire cages with wire-mesh flooring measuring 50 x 70 cm. which were suspended over trays containing hardwood sawdust specially treated to remove dust. Water and a commercial rabbit feed (Wayne Rabbit Chow, Allied Mills Inc., 110 North Wacker, Chicago, Illinois 60606, USA) were provided ad libitum. The rabbits were exposed to ambient lighting conditions through numerous, large windows. Natural lighting varied from 10 h daily in midwinter to 14 h daily in midsummer. Temperatures ranged from 15 to 27°C. The atropinesterase status of males was assessed over a 30 month period (January 1976 -June 1978 , while females were analysed only for the final 18 months (January 1977 -June 1978 .
In conducting the research described in this report the investigators adhered to the Guide for the care and use of laboratory animals as promulgated by the Committee on Revision of the Guide for Laboratory Animals Facilities and Care, Institute of Laboratory Animal Resources, National Research Council.
All rabbits were uniformly raised by the supplier. They were individually housed in non-air-conditionecl permanent structures and were subjected to annual temperature fluctuations of from 2°C during winter to 30°C in summer. Lighting conditions were identical with those described for the testing facility. Rabbits were fed ad libitum with I of 2 commercial rabbit feeds (Purina Rabbit Chow, Ralston Purina Company, Checkerboard Square, St Louis, Missouri 63188, USA; Nutrena Feed Division, Cargill Inc., PO Box 9300, Minneapolis, Minnesota 55440, USA) depending on availability. Well water, which was periodically analyzed by local public health authorities for bacterial and chemical contamination, was also available ad libitum. All water pipes were treated weekly with an iodine preparation. All rabbits were subjected to 2 days transport from Arkansas to Maryland in an air-conditioned tractor-trailer vehicle. The rabbits were allowed at least 24 h to recover from the stress of transport prior to surveying for atropinesterase.
The presence or absence of atropinesterase was determined within 3 days after arrival by a newlydevised rapid screening test (Linn & Liebenberg, 1979) . To summarize the test procedure, each rabbit was injected subcutaneously with 0·5 mg of atropine sulphate (1·0 ml of an O· 5 mg/ml solution). 45 min later, the light from a hand-held disposable penlight was shone directly into the eyes of each rabbit. In those rabbits lacking atropinesterase, the pupillary light reflex was absent and the pupil was widely dilated under the mydriatic effect of atropine. Those rabbits possessing atropinesterase had hydrolyzed the atropine and had a normal pupillary light reflex. Ambient light intensity in the testing area varied considerably throughout the year but at no time posed Liebenberg & Linn any problems in interpreting test results. In nearly all cases testing was performed between 0900 and 1200 to eliminate circadian rhythms as a variable in the survey.
Because of the large number of rabbits to be surveyed, weighing each rabbit to determine exactly the desired 0·2 mg/kg dose was not feasible and 0·5 mg atropine sulphate was administered to each animal. Thus the dosage actually received varied from O· 17 mg/kg in rabbits weighing 3·0 kg to O· 25 mg/kg in rabbits weighing 2·0 kg. This variation was considered to be insignificant and well within the tolerance of the test.
In a separate study involving 410 New Zealand White rabbits of both sexes, results of the rapid screening test were compared to analysis by a standard qualitative colorimetric procedure of serum drawn from the same animals (Quinton, 1966) . The results from the tests were in agreement in 405 of the 410 cases (98·8%), confirming the validity of data derived from the rapid screening procedure (Linn & Liebenberg, 1979) .
Survey results were grouped into 4 quarterly periods, January-March, April-June, July-September, and October-December, to coincide with the annual light and temperature phases. Sex and seasonal differences were tested for statistical significance using the l test for differences on proportions (Cochran & Cox, 1957) .
Results
The results are summarized in Table I . Overall, 61· 17% of the 6686 rabbits tested possessed atropinesterase. There was a significant sex difference, 62·28% of male rabbits but only 56·94% of female rabbits being atropinesterase positive (P < 0·001; l = 13·98; df = I). When atropineslerase frequencies were analyzed for seasonal and sexual influences combined, there were significantly more atropinesterase-positive males than females in both the winter (January-March) and summer (July-September) quarters (P < 0·005; X 2 = 15·36 and 8·85 respectively; df:: 1).
Atropinesterase frequency in males did not show a statistically significant seasonal effect (P > 0·10; l = 4· 78; df = 3), and there appeared to be no consistency in rank order of the frequencies from year to year. In other words, a season which showed the greatest frequency one year might yield the lowest the year following.
The situation was markedly different for females. A statistically significant drop in the number of rabbits possessing atropinesterase (P < 0·025; X2 :: 9·93; df = 3) was consistently observed in January-March.
When atropinesterase frequencies were analyzed for both sexes combined, again no statistically significant effect due to seasonal variation was noted (P > 0·10; X 2 =3·45;df=3). • P < 0·025.
Discussion
The finding of 61· 17% overall atropinesterase positivity is considerably greater than early published reports of 25% (Glick & Glaubach, 1941) and 25·7% (Ammon & Savelsberg, 1949) , but approaches the findings of 66· 7% (Bernheim & Bernheim. 1938 ) and 67·9% (Jager, 1956) . However, this survey covers considerably more rabbits than did these earlier studies. The significantly greater percentage of males than females showing atropinesterase positivity in this survey is contrary to the findings of Sawin & Glick (1943) and Ambache (1955) , who reported that females demonstrated greater enzyme activity than did males.
The presence of atropinesterase is known to be an inherited trait which, in the rabbit, is acquired in a manner suggestive of incomplete dominance (Sawin & Glick, 1943; Levy, 1946) . From this one would predict that 3 genotypic and phenotypic states exist, and this is indeed what has been experimentally observed (Ecobichon & Comeau, 1974) . The rabbit which is homozygous positive for the presence of atropinesterase has a comparatively large amount of circulating enzyme in its blood. the heterozygous rabbit much less, and the homozygous negative animal has none. Although we did not specifically validate the finding of high. low and no enzyme activity in the 3 phenotypic states. we believe that we have observed this same phenomenon during the course of surveying rabbits by the rapid screening test. We observed rapid meiosis upon shining the penlight into the eyes of some rabbits (homozygous positive), slow meiosis in other rabbits (heterozygous). and absolutely no meiosis in the remaining rabbits (homozygous negative). As this enzyme appears to be fully functional by 1-2 months of age (Sawin & Glick, 1943) , and as the rabbits in our study were at least 3 months old. one would expect them to be completely enzymatically competent and capable of yielding accurate data. From the foregoing. one would not expel:t that seasonaL sexual, or environmental factors would be of any consequence in determining the presence or absence of the enzyme.
It has long been debated whether such factors actually affect atropinesterase frequency. One faction maintained that such variation existed (Sawin & Glick, 1943) while the other insisted equally vehemently that seasonal and sexual fluctuations did not occur (Lcvy, 1946) . Sawin & Glick (I943) attributed this variation to the action of sex hormones, but Szorady et at.
(I970) have indicated that factors beside atropinesterase-such as protein binding. rate of excretion, and receptor differences-may influence an animal's sensitivity to atropine. These factors may have contributed to the atropinesterase fluctuations we observed, which otherwise remain unexplained.
Despite extensive experimentation, no breed of rabbit has been discovered to date which is totally devoid of atropinesterase activity, although through strict selective breeding using only atropinesterase negative individuals, families have been produced which totally lack the enzyme (Sawin & Glick, 1943) . Due to the great amount of interbreeding which has occurred in rabbit stocks during the past 80 years, all breeds now have both atropinesterase positive and negative individuals. but enzyme frequencies vary widely between different breeding colonies (Quinton. 1966) . For that reason this particular survey was completed when a new supplier began delivering rabbits to our facility in September 1978. Work continues to determine seasonal and sexual patterns of atropinesterase incidence in rabbits provided by the new supplier and to relate this to data derived from rabbits supplied by the original source which is reported in this paper.
This work corroborates many of the conclusions of early investigators. who noted significant fluctuations in atropinesterase frequencies, and refutes reports by later workers. However. the underlying reason for the occurrence of these variations still remains unknown.
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